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Abstract
Following Kydland and Prescott’s (1982) seminal paper, a key question that has been debated widely
remains, ‘Are business cycles mainly the result of permanent shocks to productivity?’ This paper at-
tempts to answer this question in the context of the Euro area economy as a whole, given current efforts
to understand the design of Euro-wide policies. To help shed light on the preceding question for the Euro
area a common trends model is utilised, allowing for the study of growth and business cycles phenomena
in a joint framework. This paper imposes a long-run restriction implied by a large class of Real Business
Cycle (RBC) models - identifying permanent productivity shocks as innovations to a common stochastic
trend in output, consumption and investment - to provide evidence on the role of balanced growth shocks
for the Euro area business cycle. This approach is given further credibility by the finding of stationary
great ratios, justifying the use of exogenous growth models in examining the significance of productivity
shocks on real output fluctuations for the Euro area. The results are broadly supportive of standard RBC
theory, with the finding that up to 60% of transitory fluctuations are caused by exogenous permanent
productivity shocks. The model further finds that productivity shocks have useful explanatory power
in illuminating certain macroeconomic historical episodes, in contrast to monetary and inflation shocks,
which appear to have played a relatively minor role in driving output fluctuations.
JEL Classification : C32, E32
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1 Introduction
A prevalent view in the both the empirical and theoretical literature remains that macroeconomic fluctuations
arise from shocks to fundamental variables such as economic policy, preferences and technology. These shocks
are then propagated through the economy and result in systematic patterns of persistence and comovements
among macroeconomic aggregates, which make it possible to examine linkages between growth related shocks
and transient fluctuations by incorporating stochastic rather than deterministic trends. This line of literature
is followed by investigating the stochastic trend properties of postwar Euro area macroeconomic data to
evaluate the empirical relevance of standard RBC models with permanent productivity shocks. This is
achieved by presenting evidence on the traditional balanced growth hypothesis in the determination of Euro
∗The author would like to acknowledge the contributions made by Prof. Terrence Mills, Dr. Sushanta Mallick and Tom
Mayock for his advice on some of the coding procedures used here. The usual disclaimer applies.
1
area macroeconomic fluctuations, by using a long-run restriction to examine whether, as claimed by RBC
theory, a common stochastic trend underlies the bulk of economic fluctuations for the Euro area, and whether
other forces namely monetary and price level shocks stressed in traditional macroeconomic analysis have been
important over historical business cycles. Once assessed, the sensitivity of the results are checked with the
inclusion of nominal and open economy factors.
Standard RBC analysis investigates the role of neoclassical factors in shaping the nature of economic
fluctuations (King et al., 1988a). As with all RBC analysis the research solicits the question, ‘What role
does economic growth play in the study of economic fluctuations?’. Proponents of RBC theory claim a
central role for exogenous variations in technology as a source of economic fluctuations in industrialised
economies, implying that permanent shifts in productivity will induce long-run equiproportionate shifts in
the paths of output, consumption and investment. This is investigated using a one-factor neoclassical
stochastic growth model.
The intuition for the use of the one-sector growth model is its very generality, holding across a wide
range of specifications for preferences and technology. In the one-sector model estimated here, long-run
growth is exogenously determined by the specified rate of labour augmenting technical change (see King
et al., 1988b). The traditional approach when analysing macroeconomic fluctuations has viewed secular
growth as a deterministic process and focused upon the fluctuations around the trend as the ‘business cycle’.
However, following Beveridge and Nelson’s (1981) seminal article, the trend component of many time-series
can be characterised as a random walk with drift - a stochastic process. Hence, the balanced growth
hypothesis implies that log consumption and log investment are cointegrated with log output - a common
stochastic trend. If technology grows at a constant rate, then the model’s solution for y, c and i grow at
the same average rate in the long-run. Thus, the ratios of any of the real aggregates will be stationary
stochatic processes1. Following in the steps of King et al. (1991), Neusser (1991), Serletis (1994, 1996)
and Koray et al. (1996), this paper primarily examines the long-run behaviour of output, consumption and
investment by utilising a common trends model, which provide a useful tool for jointly studying exogenous
growth innovations and business cycle phenomena. This paper adopts the idea by Frisch (1933) and Slutzky
1Furthermore, given diminishing marginal returns to capital accumulation, a temporary rise in savings will only allow
capital to grow faster than output for a temporary period. Hence, the ratios involving any of the variables capital, investment,
consumption and output must be stationary.
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(1937) that business cycles maybe seen as a result of an interplay between a set of stochastic impulses and
certain propagation mechanisms.
The motivation behind the analysis of the Euro area economy as a whole would be of interest, given the
current efforts to understand the working of the Euro area economy as a whole, in terms of the impulses that
drive the cycle - real, monetary and international - in the design of Euro-wide policies. The paper also makes
a number of contributions to the existing literature. It must be noted that although the results for King
et al. (1991) paper are still highly cited, using a common trends model attempting to interlink exogenous
productivity innovations and real output fluctuations has only been estimated for the US economy2. Hence,
this paper plays a role in providing additional evidence and analysis for the one-sector model’s long-run
restrictions. By concentrating on the Euro area, the analysis in this paper provides a robustness check
to the results acquired by King et al.’s (1991) highly cited results, which evaluated a wide class of RBC
models by using common trend restrictions. With the properties of the Euro area as a single economy less
well known about than those of individual countries making up the Euro area, the model tested will help
determine how applicable it is to exploit neoclassical growth assumptions to study real output fluctuations
for the Euro area3, with the results then compared to Gali (2004) who also looked at the role of exogenous
technology shocks on real GDP for the Euro area. As the empirical evidence from other studies have shown
evidence for the balanced growth hypothesis is far from uniform. Following on, the model is then utilised
to analyse the historical explanatory power of exogenous productivity shocks in explaining specific business
cycle episodes for the Euro area. Lastly and pertinent to the last point, the model explores whether
the great ratios are stationary stochastic processes. The hypothesis concerning the stationarity of the great
ratios have been held as a crucial stylised fact in macroeconomics as far back as the well-known contributions
of Kaldor (1957) and Kosobud and Klein (1961)4. Very little, if any, analysis on this important stylised
fact has been undertaken for the Euro area. Rejection of stationary great ratios have been used as evidence
against the use of exogenous growth models in the study of real output fluctuations (see Serletis 1994, 1996).
2There have been variations of King et al. (1991) original work. Mellander et al. (1992) estiamate a small common trends
model for a small open economy. Other studies such as Attfield and Temple (2004) have used some of the assumptions from
King et al. (1991) model to construst output trend estiamtes for the UK and US economies. Also see Serletis (1996), Koray et
al. (1996) and Mills (2001) who investigated the properties of the one-sector neoclassical growth model.
3The US is often held as the baseline currency union with which the Euro area can be compared.
4Cochrane (1994) and Rotemberg and Woodford (1996) both relied on stationary real ratios of consumption to output in an
econometric estimate of the transitory cyclical components of consumption, investment and output. Furthermore, endogenous
growth models such as those from Romer (1986) also imply stationary great ratios.
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In addition, using the assumptions of the great ratios, this paper attempts to measure trend output for
the Euro area to gauge whether sensible trend output estimates can be derived for the Euro area using the
assumptions of a standard neoclassical growth model5 .
Several aspects of this paper are consistent with the prediction of RBC models. Firstly, output, consump-
tion and investment appear to share common stochastic trends, and secondly, the real permanent shock is
the biggest driver of output fluctuations both in a closed and open economy setting. The paper is structured
as follows. The basic model is outlined with a brief discussion surrounding the theory in the second section,
with the econometric methodology in the next section. The fourth section demonstrates that the Euro area
data produce test results that are broadly supportive of the balanced growth hypothesis, with the dynamic
responses of y, c and i due to the balanced growth innovations discussed in section 5, including the extension
of the model with nominal variables, namely money balances and inflation. In section 6, a foreign trend
is added transforming the model into an open economy version that allows for permanent terms of trade
shocks. The results are summarised in the last section.
2 Great Ratios, Growth and Fluctuations
Interest in growth theory and the associated ‘great ratios’ of macroeconomics has undergone a considerable
resurgence since the 1990s, as the implications of the neoclassical stochastic growth model under uncertainty
have been married with those emanating from the econometric literature such as King et al. (1991) and
Neusser (1991) (see Mills, 2001).
Analysis of long-term movements in the great ratios are usually based on the neoclassical growth model.
The starting point for the standard neoclassical growth model is an aggregate resource constraint of the form
Ct+ It = Yt = F (Kt, AtLt), where the production function displays diminishing marginal productivity with
respect to capital accumulation. The model presented simplify the ideas first put forward by Kydland and
Prescott (1982) and detailed in King et al. (1988b). In this basic neoclassical model here, output, Yt, can
be described by a constant returns to scale Cobb-Douglas production function
Yt = γK1−αt N
α
t (1)
5A similar exercise has recently been undertaken by Attfield and Temple (2004) for the UK and US economies.
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where Kt is output, Nt is labour input and γ is total factor productivity. Assuming a deterministic
trend for γt of the form of log(γt) = μγ + log(γt−1) leads to per capita output, consumption and investment
sharing a common growth rate μγ/α (see Solow, 1970). This implies that the great ratios of investment and
consumption to output are constant along the steady state growth path, μγ/α. Inclusion of a deterministic
trend in γt leads to - under suitable assumptions concerning preferences, capital accumulation and resource
constraints - a steady state growth path. This follows from the economy’s commodity resource constraint,
Y = C + I, with investment technology defined as Kt+1 = [1 − δ]Kt + It, with δ representing the rate of
depreciation. Finally, the economy’s allocation of time between work and leisure must be constant in steady
state.
Adapting the deterministic system to include uncertainty leads to a logarithmic random walk log(γt) =
μγ+log(γt−1)+ζt, where the innovations {ζt} ∼ IID(0, σ2), (the deterministic system was adapted by Brock
and Mirman,1972 and Donaldson and Mehra,1983, to form the neoclassical stochastic growth model under
uncertainty). The parameter μγ represents the average rate of growth in productivity and ζt represents
deviations of actual growth from this average. From this basic neoclassical framework, balanced growth
follows the common growth rate (μγ + ζt)/α, with the stochastic trend represented by log(γt)/α. With
common stochastic trends, the logarithms of output, consumption and investment are integrated of order
one, i.e. they share a common stochastic trend, and the great ratios c − y and i − y become stationary
stochastic processes. When there is a stochastic steady state, the great ratios will be stationary stochastic
processes. Clearly ct and it are respectively cointegrated with yt in this framework. As King et al. (1991)
point out, the property of a deterministic trend has a natural analogue in a model where technical progress is
stochastic. When there is a stochastic steady state, the great ratios will be stochastic processes. Stationary
great ratios will provide support for models of exogenous growth.
A central inference in such models is that the growth of the economy is driven solely by a single integrated
stochastic process (of order one) representing the exogenous labour augmenting technological progress, which
if it occurs at a constant rate, will lead to a balanced growth path along which output, consumption, capital
and investment all grow at the same constant rate. The dynamics of the macroeconomic series are generated
5
by a nonstationary random shock - permanent shocks, which under suitable assumptions about technology
and preferences, implies a stochastic steady state. In a steady state, a common stochastic trend underlies
the bulk of macroeconomic fluctuations and that the great ratios are constant in steady state.
Hence, this neoclassical model conjures up a few implications in a cointegration framework. Assuming
logged yt, ct and it as I(1) variables in a vectorXt, the balanced growth implication of the theory implies that
the differences between any two elements of Xt is I(0) - stationary. In terms of Engle and Granger (1987),
the two linearly independent cointegrating vectors α
1
= (−1, 1, 0)0 and α
2
= (−1, 0, 1)0 isolate stationary
linear combinations of Xt corresponding to the logarithms of the balanced growth great ratios.
Furthermore, the analysis presented here will also focus upon the two other great ratio type relations,
given their importance in real business cycle modelling. The first relevant is the money-demand equation:
mt − pt = βyyt − βRRt + vt (2)
wheremt−pt is the logarithmic real balances, Rt is the nominal interest rate, and vt is the money-demand
disturbance. The final equation is the conventional Fisher relation:
Rt = rt +Et∆pt+1 (3)
where rt is the ex ante real rate of interest, pt is the logarithm of the price level, and Et∆pt+1 denotes
the expected rate of inflation between t and t+ 1. If real money balances, output and the nominal rate of
interest are I(1), with money-demand disturbance being I(0), the real balances, output and the interest rate
are cointegrated. Thus the empirical model investigates the possible cointegrating relations and isolates the
common stochastic trends that they may imply.
3 Econometric Methodology
Structural VAR modelling, using long-run restrictions to capture productivity shocks, has often been utilised
to impose some theoretical structure without being unduly restrictive. The most notable examples include
Shapiro and Watson (1988), Blanchard and Quah (1989) and Gali (1992, 1999, 2004). In line with such
modelling techniques, the econometric procedure followed here uses the models’ long-run balanced growth
implication to isolate the permanent productivity shocks and then trace out the short-run effects of these
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shocks. Such common trends models provide a useful tool for studying growth and business cycle phenomena
in a joint framework. It was King et al. (1991) who first provided a detailed connection between cointegration
and common stochastic trends. Their basic idea was to extract the reduced number of linear stochastic
trends feeding the system. This implies that there exists certain linear combinations of the level series which
ensure that the trends average out i.e. the residuals from the linear combinations are wide sense stationary
stochastic processes (Warne, 1993). They start with a vector, Xt, of nx1 stationary variables, which are
expressed in a Wold representation of the reduced form equation in (4) :
∆Xt = μ+ C(L)et (4)
where εt is the vector of one-step-ahead linear forecast errors in Xt given information on lagged values of
Xt and μ = C(1)μ. Hence C(L) = In+Σ∞i=1CiL
i. The error term et ∼ N(0, 1), with a variance-covariance
matrix E(ete0t) = Σe.
Inferences are drawn about the structural relations from consistent estimators of the C(L) and Σe. A
structural model can be presented in the form of equation (5):
∆Xt = μ+ Γ(L)εt (5)
εt is a nx1 vector of serially uncorrelated structural disturbances, where εt ∼ N(0, 1) with a variance-
covariance matrix, E(εt, ε0t) = Σe. Equations (4) and (5) are linked by et = Γ0εt and C(L) = Γ(L)Γ
−1
0 . The
structural disturbances εt = Γ−10 et are, through certain identification restrictions, extracted from the reduced
form residuals et and the matrix of lag polynomials Γ(L) = C(L)Γ0 . The polynomial Γ(L) represents
Γ(L) = (Γ0 +Σ∞i=1ΓiL
i)Γ−10 .
If there is more than one common trend (k ≥ 2), a set of long-run restrictions must be imposed to isolate
the effects of each permanent shock6. Identification of the isolated elements of the permanent component
becomes more complicated when there is more than one permanent innovation. The long-run restrictions
are imposed on the structural form similar to Stock and Watson (1988), who developed a common trend
representation that was shown equivalent to a VECM representation. When cointergrated variables have a
reduced rank, r, there exist k = n − r possible common trends. These common trends can be considered
6With k = 1 - one commons stochastic trend - then A = 1 and Π = 1.
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generated by permanent shocks, allowing one to decompose εt into
¡
ε10t , ε20t
¢
, in which ε10t is a k-dimensional
vector of permanent shocks and ε20t is an r-dimensional vector of transitory shocks.
In order to identify permanent shocks, casual chains as in Sims (1980) are imposed on the permanent
shocks. The general identification problem can be described as follows. Assuming k common stochastic
trends driving nx1 vector of Xt. As developed by King et al. (1991), partitioning Γ(1) conformably with
ε1t ensures
∞
Σ
i=1
Γi = Γ(1) = [A 0] = [ bAΠ 0] (6)
where A is an nxk matrix and 0 is an nx(n − k) matrix with zeros, representing the long-run effects
of permanent shocks ε1t , and long-run multipliers for transitory shocks ε2t . The matrix of the long-run
multipliers is determined by the condition that its columns are orthogonal to the cointegrating vectors, and
Aε1t represents the long-run components of Xt (King et al., 1991).
While the cointegrating restrictions identify the permanent innovations Aε1t , they fail to identify ε1t
because Aε1t = (AP )(P−1ε1t ) for any nonsingular matrix P . Here, identification is achieved through two sets
of restrictions: i) cointegrating restrictions are imposed on the matrix of long-run multipliers Γ(1) = Σ∞i=1Γi
and ε1t and ε2t assumed uncorrelated i.e. the innovations in the permanent components are assumed to be
uncorrelated with the innovations to the remaining transitory components. This restriction helps ascertain
the dynamic response of the economic variables to the permanent innovations. Finally, A is assumed to
be lower triangular which permits writing A = bAΠ, where bA is a matrix with no unknown parameters -
restrictions are imposed based on apriori beliefs - and Π is a kxk lower triangular matrix.
Considering a three variable model with two permanent shocks (n = 3, k = 2), in which the second
permanent shock, ε12t , has no long-run effects on the level of the first variable, x1t , the long-run restriction
would imply a specific structure of the long-run multiplier, A, after conformable re-ordering;
Xt =
⎡
⎣
x1t
x3t
x3t
⎤
⎦ , ε1t =
∙
ε11t
ε12t
¸
, A =
⎡
⎣
1 0
x 1
x x
⎤
⎦ (7)
A = bAΠ (8)
where bA is a nxk matrix, which is estimated or based on apriori beliefs, and Π is a kxk lower triangular
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matrix with ones in the diagonal
Π =
∙
1 0
π21 1
¸
(9)
Note that the ordering does not matter, as long as the same long-run restrictions are imposed. Further
details are provided in the three and six-variable models.
The only restrictions that the structural model places on the reduced form are the cointegrating restric-
tions. This implies efficient estimates of the structural model if i) the reduced form is estimated imposing
only cointegration restrictions and ii) the estimated reduced form is transformed into the structural model
using the relations given above. All models tested in this paper, involve parameterising the reduced form
as a cointegrated VAR (VECM). The estimated VECM is then inverted to yield an estimate of the moving-
average representation of the reduced form equation.
4 Properties of the Data
All data are taken from the area-wide model (Fagan et al. 2001)7. The data are quarterly observations.
The GDP deflator is used as a proxy for prices. The measure of money used is M3. The dataset runs from
1980:1 till 2002:4, giving a total of 92 logged observations. The use of real variables contrasts with that of
Whelan (2005) and Attfield and Temple (2004). In the one sector world examined here, there is no role for
changing relative prices of capital goods. There is no substantive distinction between the share of nominal
investment and the ratio of real investment to real output. By contrast, a two sector world, in which the
relative price of capital goods can change, the distinction between nominal and real is more valid.
Recent work by Attfield (2003) finds some evidence for the balanced growth hypothesis across some of
the individual economics in the European Union 15. To test for stationary great ratios however, the analysis
here goes one step further than Whelan (2005), Attfield and Temple (2004), Attfield (2003), Serletis (1994)
and King et al. (1991) by also considering public sector activities. As mentioned by Serletis (1996) and
Neusser (1991), the stationary properties of the great ratios can be subject to how government expenditures
are handled8. Consequently, government consumption expenditure (GCE) and government investment
7A similar dataset has been constructed by Beyer et al. (2001). This dataset, however, is limited to a few key variables,
namely aggregate GDP and money supply.
8Neusser (1991) points out ‘the proper way of dealing with government activities and with the openness of the economy are
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expenditure (GCI) are also included.
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The great ratios, which remain a crucial stylised fact in macroeconomics, infer that if economies con-
verge towards a balanced growth path, the great ratios of consumption to output and investment to output
will demonstrate properties associated with stationarity. Figure 1 graphs the logarithm of the real vari-
ables (y , c, i). These plots show the familiar growth and cyclical characteristics of macroeconomic time
series. Output, consumption and investment display strong upward trends. Investment is the most volatile
variable followed by output. Figure 1 also displays the great ratios: consumption:output (c − y) and in-
vestment:output (i − y) along with variations that include government expenditures. Over the period in
question the (c − y) ratio displays stability. It is easy to view the c − y ratio as fluctuations around a con-
problems still to be faced’. Hence, this paper also plays a role in partially filling this gap.
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stant mean. The most striking feature of the investment:output ratio (i − y) is that at first glance it would
appear to be nonstationary. The i − y ratio appears to drift through time, leaving one with the impression
of random walk behaviour. Part B of Figure 1 illustrate the autocorrelations of the variables. The c − y
appears to decay more quickly than i − y. However, both c − y and i − y decay quicker than y, c and i,
which all demonstrate characteristics associated with a non-stationary variable. All variables decay slower
than their first difference equivalents (not shown).
Taking an ‘eyeball econometrics standpoint’, it is difficult to decipher categorically whether the growth
evident in Figure 1 occurs in a manner that is ‘balanced’ between investment and consumption. These
interesting first impressions are examined formally by unit root tests.
The ADF, KPSS and the DF-GLS unit roots tests are performed on the great ratios. Results are given
in Table 1. A constant term is included in regressions for all tests but trend terms are omitted since the
possibility of trend stationary great ratios is not a sensible inference in this context.
Table 1: Unit Root Test Tests 
 
 Test statistics 
Great Ratios AD F+ K PSS^ D F-G LS 
Log CON : GD P ratio -2.62*  0.64**    -2.23** 
Log(CO N+G CE) : G DP ratio  -3.60** 0.07* -2.68 
Log  INV : G DP ratio -3.20**  0.12* -0.67 
Log (INV+G IE) : GD P ratio -3.51** 0.12* -1.27 
Real interest rate )( pR Δ−  -1.57 0.66** -1.57 
Real log m oney supply )( pm Δ−    1.87 1.13 2.07 
*, **  denotes rejection of the null at the 10 and 5% significance levels. 
+  A constant is included in the regression but trend terms are omitted since the possibility of trend 
stationary great ratios is not a sensible inference we wish to admit. 
^ A  constant is included, with the * indicating that it is not possible to reject the null of stationarity. 
 
The results show the findings are robust to alternative ways of handling government expenditure and
across inference methods. The unit root test results partially confirm the impressions gleaned from the
time series plot in Figure 1. There is evidence for stationarity concerning the c − y ratio, having a sample
AR(1) coefficient of 0.82. All test statistics reject the presence of a unit root at the 10 percent significance
level for the c − y ratio. The i − y ratio leads to similar inferences, albeit to a higher degree. Despite the
i − y ratio having a sample AR(1) coefficient equal to 0.93 (symptomatic of slow mean reversion), inferring
stationary behaviour, the DF-GLS unit root test indicates the presence of unit root. The KPSS statistic
does support stationary behaviour as the null of stationarity is not rejected.
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The consumption output series can be described as stationary around a fixed mean. The results for the
investment output ratio are arguably more ambiguous. However, bringing to attention the fact that although
the actual unit root tests can be interpreted as a test for cointegration between consumption and output and
investment and output, respectively, with restricted short-run dynamics this could bias the results toward
the null of unit root. In summary, there is more evidence of the data being consistent with the balanced-
growth conditions than against, implying by definition that models of exogenous growth could potentially
be utilised to study the joint occurrence of growth and business cycles for the Euro area.
4.1 Integration and Cointegration Properties
The notion of great ratio stationarity can also be described in terms of cointegration, as defined by Engle
and Granger (1987). The balanced growth conditions imply that if the logarithms of output, consumption
and investment are I(1), then for the great ratios, c − y and i − y, to be stationary, log consumption and
log investment must respectively be cointegrated with log output. For example, c− λy is stationary if the
cointegrating parameter in each case is λ = 1.
The analysis now proceeds to test for the presence of a common trend, since the identification of a
common stochastic trend reveals whether the system is driven by shocks to a single variable (technology
shock) or if the common trend is a linear combination of (permanent) shocks to more than one variable.
To analyse evidence for such hypotheses a unit root test is run on the residual of an estimated regression
of log consumption and log investment on log output. The ADF statistic of -3.08 for the residual provides a
first glimpse that both consumption and investment are cointegrated with output (i.e. a stationary residual
series with an AR(1) coefficient of 0.85).
Panel A of Table 2 reports the largest eigenvalues from the companion matrix of an estimated VAR(6).
Evidence of a common stochastic trend (balanced-growth) would imply that the companion matrix have
one unit eigenvalue, corresponding to the common trend, and all other eigenvalues should be less than 1 in
modulus. The point estimates are consistent with this prediction. Panel B reports the Johansen (1988) and
Stock and Watson (1988)9 tests. Critical values for the Johansen test are provided by Osterwald-Lenum
9The Table reports Stock and Watson’s (1988) common trends methodology. In this common trends model the assumption
is made that y, c and i are cointegrated of order A = (1, 1, 1) i.e. there exists certain linear combinations of the level series
which ensure that the trends average out, i.e. the residuals from the linear combinations are wide sense stationary stochastic
12
(1992). From these results, the number of cointegrating relations can be deduced. Support for the balanced
growth hypothesis would be reflected by the finding of two cointegrating relations. The results from panel
B provide further support for the balanced growth hypothesis and stationary ratios.
Table 2 – C ointegration 
 P roperties: Three-V ariable M odel 
(y , c , i), 1980:1- 2002:4  
A . Results from  the U nrestricted Levels Vector Autoregression: 
Largest E igenvalues of Estim ated Com panion M atrix 
V A R (6) with constant  V A R (6) with constant and trend 
R eal Im aginary M odulus  R eal Im aginary M odulus 
1 .00 0 .00 1 .00  0 .91      -0 .16 0 .92 
0 .91 0 .15 0 .93  0 .91 0 .16 0 .92 
0 .91         -0 .15 0 .93     -0 .17 0 .77 0 .79 
0 .81         -0 .23 0 .84     -0 .14 0 .77 0 .79 
0 .81  0 .23 0 .84  0 .75      -0 .12 0 .76 
-0 .17 -0 .79 0 .80  0 .75 0 .12 0 .76 
Log Likelihood 1063.73  Log Likelihood 1980.57 
B .  M ultivariate U nit-Root Statistics  
Johansen Statistic  0:0 ≤rH ** 1:0 ≤rH * 2:0 ≤rH  
T race  57 .02 27.89 3 .758 
E igenvalue  0 .230 0 .195 0 .033 
M axim al-eigenvalue  29 .12 24.13 3 .758 
Stock and W atson  T est Statistic  C ritical V alue N ull / alternative 
)0(τq  -7 .49 -22.0  3  unit roots / at m ost 0  unit roots 
)2,3(τq  -24 .0  -39.0  3  unit roots / at m ost 2  unit roots 
)1,3(τq  -18 .0  -12.1   3  unit roots / at m ost 1  unit root 
C .  Estim ated C ointegrating Vectors 
 N ull H ypothesis  Estim ates 
V ariable 1α  2α   1αˆ  2αˆ  
c 1 0   1 .00 a 0 .00 a 
i  0 1   0 .00 a 1 .00 a 
y      -1        -1       -1 .029         -0 .908 
       (0 .021)         (0 .116) 
W ald test of balanced grow th restrictions: =2 ]2[X  2 .10 (P  =  0 .34) 
N otes: * denotes significance at the 5% level,** denotes significance at the 1% level.  A s the variables are 
trended , both in tercep t and trend term s are included  in  the VAR in  Part B , although the trend  is restricted 
to  lie in  the cointegrating space to  preven t the possib ility arising  of a  quadra tic determ inistic trend in 
levels.  The order of VAR  in Part B  was determ ined by the Akaike In form ation Criterion (AIC ) and the 
Schw arz Bayesian C riterion (SBC ).  The Stock and W atson (1988) com m on trends test w as undertaken 
w ith  six lagged levels.  The q τ(k,m ) is tests o f the nu ll o f k unit roo ts against the alterna tive of m  (m < k),  
w hich are com puted w ith  trend and constant term s.  The asym ptotic critical values P  values for the q τ(k,m ) 
represen t the 5% significance levels.  Part C  reports the cointegrating vectors (c, i, y), estim ated by Stock 
and  W atson’s (1993) dynam ic O LS (w ith  a  constant, five leads, and  five lags to  allow  for dynam ics).  The 
t-sta tistic reported are asym pto tic norm al distributions.  F inally, the W ald statistic tests whether the 
coin tegra ting vectors lie in  the hypothesised subspace, w hich  is com puted using the dynam ic O LS 
estim ates.    
            a norm alised  
 
Firstly, the Stock and Watson (1988) statistic illustrates whether the series are integrated (not cointe-
grated), by examining whether there are three unit roots in the companion matrix. The Stock and Watson
(1988) results are consistent with the one-unit root - one common trend - specification. Secondly, the
processes. It can be represented as follows, Xt =

yt ct it

= Aτ + ut, where τ is a random walk with drift and
A = (1, 1, 1). Xt is an integrated process, with each component being driven by τ. Hence, stationarity of the great ratios
imply βXt =

1 −1 0
1 0 −1
⎡
⎣
yt
ct
it
⎤
⎦ .
13
Johansen cointegration results show two cointegrating relations among y, c and i, implying that the three
variables share a single common stochastic trend which governs the dynamic behaviour of the variables.
Without any loss of generality we can interpret the first vector as a consumption equation and the second as
an investment equation. Hence, with rank two, the two coefficients are normalised in the two equations. The
coefficients on c and i are normalised at -1. This is presented in Panel C. This final panel in Table 2 tests
the great ratio restrictions. The arguments laid out in the balanced growth hypothesis imply that c and i
should be cointegrated with y, with coefficients of unity in the cointegrating vectors. Panel C represents
maximum-likelihood estimates of the cointegrating vectors, conditional on the presence of one unit root in
the VAR, using Stock and Watson (1993) dynamic OLS (DOLS) procedure. Once more the point estimates
imply that the balanced growth hypothesis in output, consumption and investment is applicable. The point
estimates in panel C are close to (1, 0,−1) and (0, 1,−1), restrictions which impose two constraints on the
cointegrating vectors, in accord with the balanced growth theory. The finding of coefficients close to unity
contrasts with those found by Mills (2003), studying the UK economy, and Attfield and Temple (2004), who
looked at the UK and US economies. Finally, the significance of the restrictions imposed are tested using a
Wald statistic, which is based on the dynamic OLS point estimates and standard errors. The results posited
may allow one to conclude that the estimated cointegrating vector is broadly consistent with the balanced
growth prediction. The finding of a coefficient near −1 has an important pedestal in economic theory, since
a −1 coefficient on output arises from permanent productivity innovations leading to balanced growth10.
The departures from unity in Panel C are not large in economic terms.
Overall, the evidence is mixed. There is certainly evidence in support of stationary great ratios as shown
by the cointegration and integration tests, in addition to the finding of coefficients near unity, implied by
the balanced growth restrictions. However, the results are not as unanimous as those found by King et
al. (1991), principally because the unit root tests show that non-stationarity for the c − y ratio is only
marginally rejected. The search for results that indicate i − y to be stationary are less conclusive. One
reason, put forward by Harvey et al. (2003) and Attfield and Temple (2004), for the lack of clear conclusive
evidence of stationary great ratios from the unit root tests, revolves around the presence of mean shifts and
10Furthermore, a coefficient value near −1 infers that consumption and investment are integrated of order zero with respect
to real output.
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issues relating to parameter stability11 . Ultimately however, the finding of cointegrating vectors, suggesting
stationarity, refrains us from undertaking any parameter stability tests. In general, one could conclude that
the multivariate results in Table 2 provide coherent support concerning the balanced growth hypothesis for
the Euro area.
The paper now proceeds in a similar vein to the results and analysis in Table 2. Table 3 explores the set
of cointegrating relations suggested by the nonstationarity of the nominal and real rates in Table 112. Such
an analysis allows one to assess the relationship between nominal factors and the great ratios, whilst also
investigating the two other great ratio relationships central to RBC modelling: the money-demand equation
and the Fisher-relationship.
Table 3.A reports an estimated cointegrated relationship between real balances, output and nominal
interest rates. Table 3.A examines two sets of cointegrating relations suggested by the nonstationarity of
the nominal and real interest rates. The Johansen test indicates the presence of one or two cointegrating
vectors. Imposing one cointegrating vector By = 1, the Wald statistic indicates that one cannot reject
the restriction, suggesting that money demand shocks are I(0) with the specification of one cointegrating
vector. The estimate of the long-run income elasticity is close to unity and significant, with the interest
rate elasticity nearly zero and insignificant, suggesting that m− p and y are cointegrated. Secondly, Table
3 paper examines whether the estimated multivariate cointegrating relations (c − y) = ϕ1(R − ∆p) and
(i − y) = ϕ2(R − ∆p), the great ratios, might possibly exhibit permanent shifts resulting from shifts in
real rates. Due to the importance of monetary policy in standard macroeconomic models, the results in
Table 3.B allow one to gauge the effect of real rate shifts on consumption and investment (this has been an
important talking point in recent years with regards to the Euro area - see De Grauwe and Storti, 2005).
The signs for both the c − y and i − y ratios are correctly predicted as hypothesised by the balanced growth
theory. A higher real interest rate lowers the share of production going into investment and, symmetrically,
raises the share of consumption. A permanent increase in the annual real rate of one percentage point is
associated with an increase in the c − y ratio of close to 0.2 percentage points. The corresponding result
for the i− y ratio is a fall of close to one and a half percentage points.
11Attfield and Temple (2003) contend that there are reasons to be sceptical that the great ratios will revert to constant means,
since the equilibrium ratios are function of parameters that may vary over time (including the trend growth rate).
12Relationships which are important in the six-variable model estimated later.
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T a b le  3  –  E s t im a t e d  C o in t e g r a t in g  V e c t o r s  
A . M o n e y  D e m a n d ,  1 9 8 0 :1 -2 0 0 2 :4  
( i )                Rypm 0 1 709 50 .. −=−  
                             )1 6 5.0(   )0 0 4.0(   
 
7.1 0)2,3( =τJ  1.2 5)1,3( =τJ   8.4 3)0( =τJ  
             )0 9 2.0(             )0 6 1.0(            )0 4 0.0(  
 
1 5.8)2,3( −=τq  0 4.8)1,3( −=τq    0 4.8)0( −=τq  
                                                 
W a ld  t e s t  o f  v e lo c i ty  r e s tr ic t io n  ( 1=yB  a n d  == 2 ]2[:)0 XB R 2 .1 5  ( P  =  0 .1 1 )  
B .  R e a l  R a t io s  a n d  R e a l  I n te r e s t ,  1 9 8 0 :1 -2 0 0 2 :4  
( i i )  D O L S  e s t i m a t e               
0 .0 0 1 8 4 2=− yc                       
                                  )0 0 0.0(                        
         8.2 5)0( =cJ           1.1 6)1,2( −=cq  
                   )4 2 8.0(          0 2 7.0)0( −=cq            
( i i i )  D O L S  e s t i m a t e                 
- 0 .0 0 1 4 8=− yi                        
                                 )0 0 3.0(                         
      9.2 9)0( =cJ              1.1 8)1,2( −=cq  
             )0 1 4.0(                0 1 2.0)0( −=cq  
                                                  
N o te s :  T h e  c o in te g r a t in g  v e c to r s  ( i ) - ( i i i )  w e r e  e s t im a te d  b y  d y n a m ic  O L S  (w i th  f i v e  l e a d s  a n d  f i v e  
la g s ) ,  in c lu d in g  a  c o n s ta n t  in  th e  r e g r e s s io n .   T h e  W a ld  s ta t is t i c  te s t s  w h e th e r  th e  c o i n te g r a t in g  
v e c to r s  l ie  in  th e  h y p o th e s i s e d  s u b s p a c e .   T h is  s ta t i s t i c  i s  c a lc u la te d  u s in g  th e  d y n a m ic  O L S  
e s t im a te s .   T h e  cj  i s  th e  J o h a n s e n ’ s  (1 9 9 8 )  t e s t  o f  th e  n u l l  o f  r  c o in te g r a t in g  v e c to r s  a n d  q i i s  th e  
S to c k  a n d  W a ts o n ’ s  (1 9 8 8 )  te s t  o f  th e  n u l l  o f  k  u n i t  r o o ts  a g a in s t  th e  a l te r n a t iv e  o f  m  (m < k ) .   T h e  
s u b s c r ip t  c  in d ic a te s  th a t  a n  in te r c e p t  w a s  in c lu d e d .   T h e  q c  te s ts  a r e  c o m p u te d  u s in g  o n ly  c o n s ta n ts  
w h e r e a s  q τ  t e s t s  a r e  c o m p u te d  w i th  a  tr e n d  a n d  c o n s ta n t .  
 
 
Stock and Watson’s (1988) test indicates that in all cases the null k = 2, cannot be rejected against the
alternative m = 0. Lastly, the Johansen test for the great ratios and the real rate all indicate the presence
of one cointegrating relationship.
5 Three variable system Model
Using the results gleaned from Table 2, the basic idea here undertakes the principle that there is a reduced
number of linear stochastic trends feeding the system. This implies that there exist certain linear combi-
nations of the level series which ensure that the trends average out, inferring the residuals from the linear
combinations are wide sense stationary stochastic processes. With three time series and two independent
stochastic trends, algebra points toward a construction of one independent vector which eliminate the trends
i.e. there is one cointegrating vector which describes a steady state in the system.
A three variable model, highlighting a real-business-model with permanent productivity shocks, under
the assumption of constant returns to scale and a production function with a common stochastic trend can
be shown as,
yt = log γt + 1− θk (10)
log γt = μλ + log γt−1 + ζt (11)
Total factor productivity, γt, follows a logarithmic random walk with ζt ∼ i.i.d.(0, σ2). The results
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in Table 2 imply output, consumption and investment follow the same growth rate
μλ + ζt
θ
, which can be
interpreted as a common stochastic trend. Therefore, there exists only one permanent innovation, the
balanced growth innovation, ε1t . This shock corresponds to ζt in the neoclassical model. It must be further
noted that ε1t = ζ/θ and ε2t = σ/θ, where as outlined previous ε2t represents the transitory component.
The variables in question c, i and y are estimated with an intercept term with the great ratios, c − y and
i − y, acting as stationary error-correction terms. As in King et al. (1991), two identification assumptions
are undertaken. Firstly, the permanent shock is uncorrelated with the transitory shocks and secondly, the
cointegrating restrictions impose constraints on the matrix of long-run multipliers Γ(1), which help identify
the permanent components. The other two shocks ε2t and ε
3
t have only transitory effects on Xt. The
balanced growth cointegrating vectors are captured through the matrix of long-run multipliers with the
following restrictions,
Γ(1) =
⎡
⎣
1
1
1
⎤
⎦ (12)
where the unity values fix the scale of ε1t and A = bA = (1, 1, 1) and Π = 1. The restrictions imposed
in (12) identify the balanced growth shock as a common long-run component in Xt, since the innovation in
the long-run forecast of Xt = (1, 1, 1)0ε1t = C(1)et can be calculated from the reduced form in (4). The
final restriction imposed to capture the effects of a permanent productivity shock corresponds to ε1t being
uncorrelated with ε2t and ε
3
t - Π = 1 - which helps determine the dynamic effect of the permanent innovation,
ε1t , on Xt and concurrently helps identify the first column of Γ(L), which are the partial derivatives of ∆Xt+k
with respect to ε1t . The dynamic response functions of c, i and y to a one standard deviation innovation in
the common trend are presented in Figure 2.
One standard deviation confidence bands are also reported. A shock that leads to a one percent perma-
nent increase in y, c and i increases investment by more than one percent, while the response for consumption
and output is about half as strong.
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Figure 2 - Responses to Shock in Real Permanent Component
Top Panel =y, Middle Panel = c, Bottom Panel =i
Response in a Three-Variable Model to a One-Standard-Deviation Shock in the Real Permanent Component
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Investment adjustment is fully complete by the end of the second year. Consumption adjustment
appears more languid, with half a percent response in the first year of the shock. Consumption peaks at
the end of the third year. This result is consistent with the theoretical model discussed earlier. Growth
between investment and consumption appear to have taken turns, with investment taking the lead.
Table 4 – Forecast-Error Variance Decomposition: 
Model (y, c, i) 
 
 
Fraction of the forecast-error variance 
Attributed to the real permanent shock 
Horizon  y c i 
1  0.52 0.34 0.27 
  (0.30) (0.28) (0.27) 
4  0.54 0.40 0.34 
  (0.30) (0.29) (0.30) 
8  0.59 0.48 0.38 
  (0.30) (0.29) (0.30) 
12  0.63 0.55 0.41 
  (0.29) (0.28) (0.30) 
16  0.66 0.60 0.43 
  (0.28) (0.27) (0.30) 
20  0.69 0.64 0.45 
  (0.21) (0.22) (0.23) 
24  0.72 0.67 0.47 
   (0.20) (0.21) (0.21) 
Note: Standard errors are shown in the parentheses, which were computed by 
Monte Carlo simulation using 500 replications. 
  
 
Table 4 examines the fraction of the forecast-error variance attributed to innovations in the common
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stochastic trend at horizons of 1-24 quarters. Table 4 shows that innovations in the permanent component
play a dominant role in the variation of real GDP. At the 1-4 quarter horizon, the point estimates suggest
that 54 percent of the fluctuations in GDP can be attributed to the permanent component. This result
provides strong support for RBC theory. This increases to 72 percent at the six-year horizon. The
permanent component explains a much smaller fraction of the movements in investment than consumption
at the 1-4 horizon period, 34-40 to 27-34 percent. The forecast-error variance results provide strong support
of neoclassical theory, where there is evidence of a persistent, potentially permanent component that shifts
the composition of real output between consumption and investment.
5.1 Six-Variable Model
The three variables y , c and i are augmented by variables that represent real balances, the nominal interest
rate and inflation, yielding a six-variable system. The model attempts to exploit the relationships uncovered
in Table 3. Identification of the individual elements of ε1t (permanent innovations) become more complicated
when there is more than one permanent innovation, as the unique influence of each permanent component
needs to be isolated. As before, and as in King et al. (1991), the vector of structural disturbances εt
is portioned into two components εt = (ε1t , ε2t ), where ε1t contains the innovation that has a permanent
effect on the variables in the vector Xt, and ε2t contains the disturbances that have only transitory effects
on the variables in the vector Xt. Both ε1t and ε2t are uncorrelated, with the ε1t assumed to be mutually
uncorrelated. Now the matrix of long-run multipliers is expressed as Γ(1) = [A 0], where A is the nxk
matrix of long-run multipliers for ε1t and 0 is an nx(n − k) matrix of zeros corresponding to the long-run
multipliers for ε1t . The matrix of long-run multipliers are orthogonal to the cointegrating vectors, where
Aε1t represents the innovations in the long-run components of Xt. The matrix A is assumed to be lower
triangular, A = bAΠ, where bA is the matrix of unknown parameters and Π is a kxk lower triangular matrix.
The coefficients in Π ensure that the permanent innovations are mutually uncorrelated. The restrictions
imposed on bA are chosen in a way that associates each shock with a familiar economic mechanism and are
based on apriori beliefs from the results in Table 2 and 3. The constrained reduced form is estimated as a
VAR with error-correction terms (VECM).
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T able 5–  C ointegration: S ix V ariable M odel 
A . Estim ated C ointegrating V ectors 
V ariab le  â1 â2 â3 
c 1.00 a 0 .00 a 0 .00 a 
i 0.00 a 1 .00 a 0 .00 a 
m  - p  0.00 a 0 .00 a 1 .00 a 
y -1 .119 (0 .015) 
-1 .186  
(0.045) 
-1 .475   
(0 .141) 
R -0 .003 (0 .001) 
-0 .009  
(0.004) 
0 .070  
(0 .034) 
Δp -0 .006 (0 .002) 
-0 .008  
(0.005) 
-0 .099  
(0 .047) 
6.62)3,6( −=fq τ (critical value 95%  significance: -30 .2)  
 
B . T ests of R estrictions on C o integrating V ectors 
N ull H ypothesis d .f. W ald  test 
(c - y), (i –  y), m  –  p  - β yy +  βRR  4 10 .6 (0 .03) 
(c –  y) –  φ 1(R  –  Δp), (i –  y) –  φ 2(R  –  
Δp) 2 6.50 (0 .03) 
(c –  y) –  φ 1(R  –  Δp), (i –  y) –  φ 2(R  –  
Δp), m  – p  –y +βRR  
1  1 .58 (0 .20) 
(c - y), (i –  y), m  –  p  - β yy +  βRR , R  –  
Δp  4  13 .2 (<0 .01) 
(c –  y) –  φ 1(R  –  Δp), (i –  y) –  φ 2(R  –  
Δp), m  – p  –  β yy +βRR  
4  27 .5 (<0 .01) 
N otes: V alues in  paren theses are P  va lues (for the test sta tistics) or standard errors (for 
estim ators).  P art A  reports Johansen’s (1988) m axim um -likelihood  estim ate (M LE ) for a  vector 
error-correction m odel for the three equation  system .  P art B  reports tests o f w hether the 
cointegrating  vectors fa ll in  the hypothesised  subspace, conditional on  the number o f co in tegrating 
vectors.  The W ald sta tistics test w hether the co in tegra ting vectors lie in  the hypothesised 
subspace.  A ll resu lts w ere estim ated w ith  a  lag in terval equalling tw o  (accord ing  to  the SB C , A IC 
and H Q  tests). 
 
 
Table 5 investigates the validity of a variety of models that incorporate both real and nominal shocks. As
previously, with six time series and three independent stochastic trends, algebra points toward a construction
of three independent vectors which eliminate the trends i.e. in such a system three are three cointegrating
vectors which describe a steady state. The cointegrating restrictions imposed are based upon the Wald
statistics in Table 5.B, which point toward the use of the stationary velocity model where m − p has a
unit relationship with y. The theoretical model supports three stochastic trends in the system; a balanced
growth shock, an inflation or money growth trend and a real interest rate stochastic trend. The qτ (6, 3)
statistic reported in Table 5.A provides further evidence for the three-trend specification, rejecting six unit
roots against three.
Table 5.A represents the estimated cointegrating vectors of the chosen model from a VECM system. This
model incorporates the cointegrating relations (c−y)−ϕ1(R−∆p), (i−y)−ϕ2(R−∆p) and m−p−y−βrR.
The first two relations link variations in the real ratios to permanent shifts in the real interest rate, with the
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final restriction purporting that money demand disturbances are I(0) (also supported by the Wald statistic
in Table 3). The vector of variables now read Xt = (yt, ct, it,mt − pt, Rt,∆pt). The nominal shocks
are constrained to be zero in the long-run. The matrix A is of rank 3. One can think of this model as
incorporating three stochastic trends - two nominal and a real trend (balanced growth). The (over-identified)
model is expressed as the following,
AΠ = bAΠ =
⎡
⎢⎢⎢⎢⎢⎢⎣
1 0 0
1 0 ϕ1
1 0 ϕ2
1 −βR −βR
0 1 1
0 1 0
⎤
⎥⎥⎥⎥⎥⎥⎦
⎡
⎣
1
π21 1
π31 π22 1
⎤
⎦ (13)
The first column represents the balanced growth shock, which is modelled as a unit increase in y, c
and i leading to a unit increase in real balances through the money demand relationship. The second
column represents a neutral inflation shock, which is restricted to have no long-run effect on y, c,and i but is
restricted to have an unit increase on inflation and nominal interest rates, which having a negative impact on
real balances through −βR. The final column is a real interest shock, which is modelled as an unit increase
in the nominal rate. The values of ϕ1 and ϕ2 allow one to gauge the impact of a real interest rate shock on
the great ratios, c− y and i − y. As is typical with most RBC models, the model here assumes monetary
neutrality.
The model is estimated using a VECM with three lags (according to the AIC and SBC criterion) and
three error-correction terms implied by the cointegrating relations. Figure 3 illustrates the response of
the variables to a one-standard-deviation impulse in the balanced-growth shock, an inflation shock and the
real interest rate shock over 40 quarters. As expected, the response of consumption and investment to the
balanced-growth shock is positive. The response of c is sluggish, less so for i. An interesting observation
revolves around the fact that y, c and i all broadly peak within a few quarters of one another. Investment
peaks before consumption followed by output, providing some evidence to the view that growth occurs in a
manner that is balanced. It must be noted that the overall effects of a balanced growth shock on y, c and i
are very small.
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Figure 3 - Responses to Innovations in the Permanent Components
Balanced Growth
Inflation
Real Interest Rate
Log Output Log Consumption Log Inv estment
All responses in the Six Variable Model are to One-Standard Deviation Shock in the Permanent Components
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Output and investment demonstrate small long-term declines in response to a permanent change in
the real rate. However, all three variables show the unorthodox response to rising real interest rates with
all three variables showing an initial rise, making it difficult to find an explanation for such behaviour from
standard macroeconomic models. Output, consumption and investment start in the positive territory before
turning negative. This response is similar to the result in King et al. (1991), who found strong positive
initial responses from a permanent change in the real rate before turning negative. The inflation shock has
a positive impact on output, consumption and investment, illustrating a ‘Tobin-type effect’ as in Ahmed and
Rogers (2000).
5.1.1 Historical Significance of Balanced Growth, Monetary Policy and Price Level shocks
RBC theory has been used to determine the statistical properties of aggregate fluctuations induced by
technology shocks. Figure 4 shows the roles played by the different shocks by plotting the forecast error at
a four-year horizon and the variation attributable to each stochastic trend for y, c and i. The labels along
the top x−axis represent the three shocks, balanced growth, inflation and real interest rate, and the y−axis
represent the variables in question. The findings in Figure 4 illustrates that the balanced growth shock
provides robust explanatory power for both consumption and investment.
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Figure 4 - Historical Forecast Error Decomposition
Six Variable Model
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The balanced growth shock does seem an important factor in explaining the contraction of the early
eighties, in addition to the very strong explanatory power of the mid-nineties early 2000 growth in y and
c. Balanced growth shocks seem to have significant explanatory power for the mid-eighties consumption
growth, along with its decline in the early nineties. Inflation shocks have little explanatory power for
all three variables. Similarly, the real interest rate shocks provide some explanatory power for the mid-
eighties growth in investment. In general however, real interest rates have little power in explaining the
fluctuations in output and consumption, supporting the general conclusion in the literature that monetary
policy innovations have played a relatively modest role in driving business cycle fluctuations (see Uhlig, 2005,
for a literature review).
5.1.2 Variance Decomposition
Table 6 represents the variance decomposition of the forecast errors from the six variable model. Like King
et al. (1991), in the six variable model with nominal variables, the balanced-growth shock is less important
for output, consumption and investment. However permanent productivity shocks still account for close to
one-third of movements in y.
At around 12 quarters exogenous technological change play an important role in the fluctuation of out-
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put and investment, whilst also having explanatory power for close to 50 percent of the fluctuations in
consumption.
This result differs from that of Gali (2004), who using a SVAR modelling procedure with long-run
restrictions found permanent technology shocks to explain only around 10 percent of the fluctuations in
output for the Euro area.
Table 6 – Forecast-Error Variance Decomposition: 
Model (y, c, i, m – p, R, Δp) 
A. Fraction of the forecast-error variance attributed to the real permanent (balanced 
growth) shock 
Horizon y c i m - p R Δp 
1 2.01 28.8 3.30 40.32 10.9 10.8 
4 19.4 40.7 23.5 45.3 27.5 16.3 
8 28.0 46.1 32.7 58.0 32.7 19.9 
12 30.4 47.4 34.0 64.3 35.9 23.0 
16 30.4 47.1 33.2 67.9 38.3 26.6 
20 29.5 46.1 32.0 70.5 40.1 27.9 
        
B. Fraction of the forecast-error variance attributed to inflation shock 
Horizon y c i m - p R Δp 
1 0.12 3.02 4.80 8.96 3.60 46.1 
4 0.81 2.74 7.22 6.54 0.61 51.3 
8 0.96 2.43 8.79 5.44 0.30 51.6 
12 1.01 2.21 9.92 4.77 0.19 51.5 
16 0.96 2.00 10.6 4.20 0.13 51.5 
20 0.71 1.80 11.0 3.70 0.11 51.5 
 
C. Fraction of the forecast-error variance attributed to real-interest-rate shock 
Horizon y c i m - p R Δp 
1 10.1 0.07 34.8 0.12 64.5 3.34 
4 11.7 7.87 24.2 0.71 58.0 2.54 
8 8.52 8.31 17.4 1.19 54.5 1.49 
12 6.60 7.61 13.5 3.58 53.3 1.01 
16 5.70 7.08 11.7 5.70 51.6 0.76 
20 5.13 6.77 10.7 7.05 50.8 0.60 
 
At the 1-4 horizon, around 35 percent of investment movements is explained by permanent real rate
changes, after which the explanatory power of the real rate declines sharply. This result infer that at very
small horizons, monetary policy can play a key role in stimulating investment with longer term investment
growth determined by productivity and technological change. This finding is partially supportive of mone-
tary theories of business cycle fluctuations. Table 6 also shows that 10 percent of the fluctuations in output
is due to real rate changes, along with the historical analysis supporting the consensus view in the literature.
Secondly, inflation shocks are not a significant driver of fluctuations in y, c and i. This result differs from
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Ahmed and Rogers (2000), who found a modest role for inflation shocks in driving y but found similar results
for c and i.
The results for output and consumption support the contention that monetary policy is impotent in
changing output levels in the Euro area (see De Grauwe and Storti, 2005). The investment result is a
similar finding to that found by King et al. (1991) for the US economy. Finally, permanent changes in the
real rate explain over 50 percent of the movements in the nominal rate, suggesting that changes in the real
rate are being mostly driven by changes in the monetary policy instrument. The policy implication of the
findings here imply that if the monetary authorities were to attempt to stimulate the economy, the effects
would be primarily felt through the investment channel.
In conclusion, the results in Table 6 suggest that permanent productivity shocks play an important role
in the transitory fluctuations of output, supporting the view that growth and business cycles are interlinked.
The balanced growth factor retains a significant role in the explanation of movements at horizons greater
than two years for both the three and six variable models. The impulse response functions appear to be
consistent with the interpretation of the first shock as a real or balanced growth shock. However, the same
is not true of the real rate shock, which leads to uncertainty about the interpretation of this shock within
the context of standard macroeconomic models. In summary, common trend models can provide a useful
tool for studying growth and business cycles in an interlinked framework.
Sensitivity Analysis Table 7 allows a check of the performance of the results from the baseline model
in (13). This is achieved by estimating a variety of six variable models that were presented in Table 5.B.
Looking across the various specifications, substantial fractions of the forecast errors in output, consumption
and investment are explained by the balanced growth innovation. Secondly, unlike King et al. (1991),
balanced growth innovations become more important by setting ϕ1 and ϕ2 equal to zero. Overall the results
seem quite robust to different specifications, except for the case where the stochastic trends are reordered.
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Table 7 - Three-Year-Ahead Forecast-Error Variance Decompositions: 
Summary of Results of Various Models 
 Tests of restrictions on cointegrating 
vectors 
 
 
Fraction of forecast-error variance attributed 
to the permanent real shock 
Model 
Estimate 
Period d.f. Wald Test (P) 
Log 
Likelihood 
 
y c i m- p r Δp 
R.1 1980-2002 1 4.46 (0.10) 1,063.73  63.0 55.0 41.0 - - - 
M.1 1980-2002 4 10.6 (0.03) 1,204.56  54.2 55.0 40.3 38.1 59.3 18.1 
M.2 1980-2002 2 6.50 (0.03) 1,228.31  53.9 33.3 15.6 14.8 2.31 7.54 
M.3 1980-2002 1 1.58 (0.20) 1,268.26  30.4 47.4 34.6 64.3 35.9 23.0 
M.4 1980-2002 3 13.2 (<0.01) 1,281.74  43.5 42.1 18.4 26.5 0.46 20.9 
M.5 1980-2002 4 27.5 (<0.01) 1,294.59  29.5 47.9 35.1 62.6 35.2 22.5 
Model R.1:  Three variable (y, c, i) model with cointegrating relations c – y and i – y. 
Model M.1:  Identical to the baseline model, except that the coefficients φ1 and φ2 are set to zero in the cointegrating vectors and the 
A matrix (i.e. the cointegration share and the real interest rate is dropped). 
Model M.2:  Two stochastic-trend model, identical to the baseline model without the money demand equation.  The cointegrating 
relations are Â=[Â1, Â2], where Â1=(1 1 1 0 0 0) (balanced-growth shock) and Â2=(0 φ1  φ2 0 1 1)` (neutral inflation shock) 
Model M.3:  Six variable (y, c, i, m - p, R, Δp) baseline model of Table 5. 
Model M.4:  A two stochastic-trend model for (y, c, i, m - p, R, Δp), obtained by assuming the real interest rate is stationary, the 
cointegrating relations are c – y, i – y, (m – p) - βyy +βRR and R – Δp, and Â=[Â3, Â4], where Â3=(1 1 1 βyy 0 0) (balanced-growth 
shock) and Â4=(0 0 0 - βRR. 1 1)` (neutral inflation shock) 
Model M.5: Three stochastic-trend model, c – y - φ1(R – Δp), i – y - φ2(R – Δp), m – p - βyy +βRR; Â=[Â5, Â6, Â7], where Â5=(1 1 1 
βyy 0 0) (balanced-growth shock) and Â6=(0 0 0 - βRR 1 1)` (neutral inflation shock) and Â7=(0 φ1 φ2 - βRR. 1 1) (real interest rate 
shock). 
 
5.1.3 Trend & Cycle Decomposition
According to RBC theory, the cumulative effect of permanent shocks to productivity explain economic
fluctuations. In this subsection, the investigation tries to breakdown the neoclassical growth framework
by investigating whether there is any evidence that productivity movements are related to innovations in
the balanced-growth component of y, since common long-run movements in aggregate variables arise from
changes in productivity. In the neoclassical growth model, the economy is described in terms of a Cobb-
Douglas production function, which gives ζt, the usual indicator of the Solow residual (see Solow, 1957).
Further, the finding of stationary great ratios suggest that the joining behaviour of consumption, investment
and output can be used to measure trend output. This section seeks to investigate whether trend output
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can be measured without the need for a more specific model. The accuracy of the results here are dependent
upon the strength of the stochastic trend properties investigated earlier.
Linear time series models are generally specified in terms of variables which can be observed and a purely
nondeterministic and serially uncorrelated error (Warne, 1993). The structural form can be expressed
as Xt = μt + Γ(1)Σts=1εts + Γ∗(L)εt, where Γ∗j (L) = −Σ∞i=j+1Γi. Letting τ = Σts=1ε1s, this follows into
Xt = X
p
t +Xst , whereX
s
t = Γ∗(L)εt is the stationary component ofXt andXp = μt+Γ(1)Σts=1ε1s = μt+Aτ t is
the permanent component of Xt. By construction, Xp satisfies the natural notion of a trend as the infinitely
long-run forecast of X, based on information through time t.
Figure 5a compares the evolution of the productivity shock in this one-sector RBC framework with Gali’s
(1999, 2004) two-sector RBC model productivity shock.
Figure 5 - Estimated Balanced Growth Shock and Trend
In the case of  Panel B and C, constant terms were included to facilitate graphing
The Trend Total Factor Productiv ity  is f rom the Area-wide Euro Model estimated by  Fagan et al. (2001)
Panel A illustrates estimates of  the Balanced Growth Shock and Gali Productiv ity  Shock (--- line)
Estimated Trend and the Balanced Growth Shock is estimated from the six variable model
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Further, the results suggest a link between the real permanent shocks from the model and the Solow resid-
ual. The implied trend component is illustrated in Figures 5b and 5c (which is a linear accumulation of the
permanent components). Figure 5b includes a comparison with a univariate Beveridge-Nelson output trend,
since it acts as a natural counterpart to the multivariate decomposition. Interest in the Beveridge-Nelson
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decomposition has grown significantly since the work of Morley et al. (2003). The multivariate approach to
estimating the annual trend offers a different insight into the evolution of the permanent component. An
interesting result surrounds the correlation between trend and cycle disturbances. The finding of a positive
correlation (0.05) coefficient between trend and cycle disturbances from the model above are far from the −1
correlation that is present, by construction, in the Beveridge-Nelson decomposition of the trend and cyclical
components. This finding can be given an interpretation in the context of previous results. If productivity
shocks are an importance source of fluctuations, a positive shock to productivity will increase trend output,
with output above trend for a transitory period. Hence the trend is positively correlated with cyclical
innovations.
Figures B and C show that in the early eighties, the trend experienced significant volatility. More
controversially however, apart from a brief period in the early eighties the estimated model predicts a lower
level of output growth than that of the Beveridge and Nelson’s (1981) decomposition. It must be noted that
this procedure maybe poorly suited to measuring potential output as it makes no use of demographic data.
However, the results do show that the great ratios are quite informative about the long-term shifts in the
behaviour of the permanent component, with a correlation coefficient between the trend and the decomposed
output trend using the Beveridge-Nelson procedure of 0.8113.
Figure 5b includes the total factor productivity (TFP) trend, estimated by Fagan et al. (2001) in their
ECB model. The correlation between the trend estimates for TFP (one measure for the Solow residual)
and the balanced growth shock estimated from the six-variable model gives a coefficient of 0.91, suggesting
a strong link between the real permanent shocks from the model and the Solow residual, which supports the
view that the permanent real shocks can be interpreted as measuring economy-wide shifts in productivity.
Despite using different approaches to construct the trend, they are broadly similar. The model estimates a
higher level of productivity growth from 1980-2002 than the model by Fagan et al. (2001).
To finish, the analysis explores a well-known anomaly associated with the basic RBC model, namely,
its prediction of a high positive correlation between hours and labour productivity. This relationship
underpins macroeconomics fluctuations in standard RBC frameworks, reflecting the shifts in the labour
13Similarly, the correlation coefficient using the Baxter-King filter is 0.88.
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demand schedule caused by technology shocks, and to a lesser extent induced capital accumulation, combined
with an upward-sloping labour supply. As noted by Gali (1999), a strong positive comovement between real
output and labour-input (which is captured here by using hours worked from the Fagan et al., 2001, dataset)
is a central feature of business cycles in industrialised economies. Consequently, any theory or econometric
model which fails to capture this particular facet could be judged as empirically irrelevant. Hence, it is
perhaps not unexpected that a high positive correlation of output and hours lies among the key predictions
of the basic RBC model driven by technology shocks. This prediction however, stands in contrast with the
near-zero (and sometimes negative) correlation found in the raw data for most industrialised economies.
This has led to a considerable amount of research that augments RBC models with nontechnology shocks
(Christiano and Eichenbaum (1992) added additional driving forces which included government spending), in
particular shocks that act predominantly as labour supply shifters, inducing a negative comovement between
productivity and hours which may offset the positive correlation resulting from technology shocks. Alter-
natively, Gali (1999, 2004) developed a monopolistic competition model with sticky prices that reproduces
the near-zero correlation between productivity and hours.
Figure 6 - Produc tivi ty Component (HP-F il tered)
E s tim ated P roduc tivi ty Com ponent of E uro area GDP  (s ol id l ine) and Hours  (das hed l ine)
V ertic al  l ines  repres ent the B ry-B os c han dated rec es s ion(s ) for E uro area real  GDP
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Figure 6 displays the estimated trend from Figure 5 and hours, after both being detrended, ex post, using
a HP filter (λ = 1600) in order to emphasise fluctuations at business cycle frequences. The patterns displayed
by the two series follow each other modestly well in the early eighties and, more predominantly, following
the early nineties recession. The middle eighties to early nineties are characterised by the two series hardly
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matching one another. The strong positive comovement of real output and employment, that is generally
viewed as a central characteristic of business cycles, is captured reasonably well with a correlation coefficient
of 0.36. Although the correlation coefficient is perhaps not as strong as that claimed by traditional RBC
theory, it is nonetheless more successful in explaining movements in labour-input than that found by Gali
(1999, 2004) for the US and Euro area economies.
6 Open Economy Extension
The paper now considers an open economy variant, which is an important addition due to Euro area being
a large trading block that contains many large open economies. Most studies ignore open economy consid-
erations, in fact, Kunst and Neusser (1990) state, ‘the proper way of dealing with government activities and
with openness of the economy are problems still to be faced’. This still remains the case. It is therefore,
partially, the objective of this paper to attempt to fill this gap.
One possibility would be to use the results derived so far and assume that the results for the closed
economy case also apply to open economies. A similar assumption was made by Neusser (1991), who
purported that the current account has to be balanced in the long-run and hence should be a mean zero
stationary time-series14. However, this paper continues with an open economy extension, since support for
the cointegration relations found here are far from unanimous - see Harvey et al. (2003) for a full survey.
Hence, it is worth considering their theoretical validity in an open economy context. Further, the addition of
a terms-of-trade shock is consistent with McCallum’s (1989) view that RBC models should incorporate terms-
of-trade shocks to reduce the reliance on controversial measures of productivity innovations and to isolate the
effects of changes in key imported input prices such a crude oil (Mendoza , 1996, measures the contribution
of terms-of-trade shocks (TOT ) as a driving force separate from domestic productivity shocks, given the
large evidence on TOT and the controversy surrounding the Solow residuals). Lastly, the incorporation
of a foreign trend breaks a key assumption in the steady state growth model from previously. It follows
that from a closed economy’s aggregate resource constraint (Y = C + I), if consumption and investment are
always positive, then consumption and investment can only grow at constant rates indefinitely if they both
14As Mellander et al. (1992) point out, this theoretical assumption does seem plausible, i.e. foreign debt amount to a constant
(or stationary) fraction of y, hence the current account is negative, even in the long-run if one assumes positive growth in y.
30
grow at the same rate as output. In a closed economy, consumption cannot grow more quickly than output
indefinitely. However, in recent years economies such as the UK and the US have seen consumption grow
faster than output. Hence, the inclusion of a foreign trend allows for this.
As in Mellander et al. (1992) consideration is given to Lundvik’s (1991) RBC model, which has the
property that from its certainty equivalent steady-state solution, one can derive log linear relations among
the TOT , output, investment and consumption (representing a foreign trend shock). If it is the case that
these y, c, i and TOT variables are governed by stochastic trends and if transitory fluctuations about the
steady state are allowed for, the two relations can be taken to be indicative of the existence of two common
trends e.g. one foreign and one domestic trend. The first cointegration relation is the i−y ratio as previously.
The second relation involves y, c and TOT . In a closed economy scenario this would truncate to c− y, as
previously tested. Hence, this section shows how the cointegration restrictions can be used to identify a
VAR system with common stochastic trends in an open economy context.
T a b le  8  
A .  M u lt iv a r ia te  U n i t -R o o t  S ta t is t ic s  (y ,  c ,  T O T )  
 
 J o h a n s e n  S ta t is t ic   0:0 ≤rH *  1:0 ≤rH *  2:0 ≤rH  
T r a c e   6 4 .2 5 7  2 6 .9 0 5  7 .5 5 0 6  
E ig e n v a lu e   0 .0 3 5 9  0 .1 8 4 3  0 .0 7 6 4  
M a x im a l - e ig e n v a lu e   4 2 .3 5 7  1 9 .3 5 3  7 .5 5 2 6  
 
B .    R e s u lt s  f r o m  th e  U n r e s tr ic te d  L e v e ls  V e c to r  A u to r e g r e s s io n :  y ,  c  a n d  T O T  
L a r g e s t  E ig e n v a lu e s  o f  E s t im a te d  C o m p a n io n  M a tr ix  
V A R ( 6 )  w ith  c o n s ta n t   V A R (6 )  w i th  c o n s ta n t  a n d  t r e n d  
R e a l  I m a g in a r y  M o d u lu s   R e a l  I m a g in a r y  M o d u lu s  
1 .0 0  0 .0 0  1 .0 0    0 .9 5       -0 .1 3  0 .9 6  
0 .9 5  0 .0 0  0 .9 5    0 .9 5  0 .1 3  0 .9 6  
0 .7 7  0 .0 0  0 .7 7    0 .7 8  0 .2 4  0 .8 2  
0 .0 0  0 .0 0  0 .0 0   -0 .7 8       -0 .2 4  0 .8 2  
0 .0 0  0 .0 0  0 .0 0   -0 .0 9       -0 .7 5  0 .7 5  
0 .0 0  0 .0 0  0 .0 0   -0 .0 9  0 .7 5  0 .7 5  
L o g  L ik e l ih o o d  7 1 8 .0 4   L o g  L ik e l ih o o d  7 6 5 .7 5  
 
D .  U n it  R o o t  S ta t is t ic s θ  
( y t,  c t,  i t,  m t –  p t,  R t,  Δ p t,  T O T t)  
C .    T e s ts  o f  R e s t r ic t io n s  o n  C o in te g r a t in g  V e c to r s +  
N u ll  H y p o th e s is  d . f .  W a ld  te s t  
(c  –  y  -  T O T ) ,  ( i  –  y ) ,  m  –  p  -  y  1 2  6 8 .9  ( < 0 .0 1 )  
(c  –  y  -  T O T ) ,  ( i  –  y )  –  φ 2 (R  –  Δ p ) ,  m  –  p  – y  
+ β R R  
3  5 2 .0  ( < 0 .0 1 )  
(c  –  y  -  T O T ) ,  ( i  –  y )  –  φ 2 (R  –  Δ p )  6  3 2 .6  ( < 0 .0 1 )  
(c  –  y )  –  φ 1 (R  –  Δ p )  ,  ( i  –  y )  –  φ 2 (R  –  Δ p ) ,  m  
–  p  – y  + β R R ,  c -  y  –  T O T  
6  1 1 .2  ( 0 .0 8 )  
S to c k  a n d  W a ts o n  T e s t  S ta t i s t ic  C r i t ic a l  V a lu e  N u ll  /  a l te r n a t iv e  
)0(τq  -1 .3 4  -9 .1  ( -8 .1 )  7  u n i t  r o o ts  /  a t  m o s t  0  u n i t  r o o ts  
)1,7(τq  -8 .1 1  -1 4 .1  ( -1 2 .6 )  7  u n i t  r o o ts  /  a t  m o s t  1  u n i t  r o o t  
)2,7(τq  -8 .1 1  -2 1 .3  ( -1 9 .3 )  7  u n i t  r o o ts  /  a t  m o s t  2  u n i t  r o o ts  
)3,7(τq  -9 .8 3  -3 0 .2  ( 2 7 .7 )  7  u n i t  r o o ts  /  a t  m o s t  3  u n i t  r o o ts  
)4,7(τq  -3 9 .8  4 2 .5  ( 3 8 .9 )  7  u n i t  r o o ts  /  a t  m o s t  4  u n i t  r o o ts  
)5,7(τq  -7 2 .2  6 2 .4  ( 5 6 .8 )  7  u n i t  r o o ts  /  a t  m o s t  5  u n i t  r o o ts  
* ,  in d ic a te s  r e je c t io n  o f  th e  n u l l  a t  th e  5 %  s ig n i f ic a n c e  le v e l .  
N o te :  T h e  J o h a n s e n  te s t  s ta t i s t ic s  w e r e  c a lc u la te d  w i th  a  la g  le n g th  o f  tw o ,  in  a c c o r d  w i th  A I C , S B C  a n d  
H Q  te s t  s ta t is t ic s . .   N o  t r e n d  te r m s  w e r e  in c lu d e d .  F o r  th e  th re e  v a r ia b le  s y s te m ,  a  t r e n d  te r m  w a s  
in c lu d e d ,  w h ic h  ta k e s  in to  a c c o u n t  th e  r a n d o m  w a lk  w ith  d r i f t  n a tu r e  o f  y  a n d  c .   F u r th e r m o r e ,  a  p lo t  o f 
T O T  a lso  s h o w s  d r i f t  th r o u g h  t im e .    
+  P a r t  C  r e p o r ts  J o h a n s e n ’ s  (1 9 8 8 )  m a x im u m - l ik e l ih o o d  e s t im a te  (M L E )  fo r  a  v e c to r  e r r o r -c o r r e c t io n  
m o d e l  fo r  th e  th r e e  e q u a t io n  s y s te m .   P a r t  C  r e p o r ts  te s t s  o f  w h e th e r  th e  c o in te g r a t in g  v e c to r s  fa l l in  th e  
h y p o th e s is e d  s u b sp a c e ,  c o n d i t io n a l  o n  th e  n u m b e r  o f  c o in te g r a t in g  v e c to r s .   T h e  W a ld  s ta t i s tic s  te s t  
w h e th e r  th e  c o in te g r a t in g  v e c to r s  l ie  in  th e  h y p o th e s is e d  s u b s p a c e .   A l l  r e s u l t s  w e r e  e s t im a te d  w i th  a  la g  
in te r v a l  e q u a l l in g  tw o  (a c c o r d in g  to  th e  S B C , A I C  a n d  H Q  te s t s ) .  
Θ  T h e  9 5 a n d  9 0   p e r c e n t  s ig n i f ic a n c e  le v e l  c r i t ic a l  v a lu e s  a r e  s h o w n ,  w i th  th e  la t te r  p la c e d  in  th e  
p a r e n th e s e s .  
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The Johansen cointegration test indicates the presence of two cointegrating relations, rejecting the null
of zero and one cointegrating relations at the one and five percent significance levels. The results suggest
the presence of two cointegrating relations, which indicate that y, c and TOT are cointegrated. In support,
panel B of Table 8 shows the largest eigenvalues from the companion matrix of an estimated VAR(6). The
model with one common stochastic trend, a foreign trend, implies that the companion matrix should have
one unit eigenvalue, corresponding to the common trend and all other eigenvalues should, and are, less than
one in modulus. The results infer that a common stochastic trend comprising of y, c and TOT, is viable to
represent a foreign trend, as suggested by Lundvik (1991). A test on the residuals of an estimated regression
equation of c− y ratio and TOT yields an AR(1) coefficient of 0.88, indicating a stationary residual.
Part C examines a variety of restrictions that incorporate aspects of both the three and six variables mod-
els. Apart from the final model, the imposition of the cointegrating vectors convey non-binding restrictions.
The final model is a four cointegrating vector model i.e. assumes four common stochastic trends. This
assumption is partially supported by Stock and Watson (1988) tests, which indicates that the presence of
four common stochastic trends cannot be rejected at the 90 percent significance level. The model presented
in (13) is over-identified. The following restrictions are undertaken:
AΠ = bAΠ =
⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣
1 0 0 1
1 0 ϕ1 1
1 0 ϕ2 0
1 −βR −βR 0
0 1 0 0
0 1 0 0
0 0 0 1
⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦
⎡
⎢⎢⎣
1
π21 1
π31 π32 1
π41 π42 π43 1
⎤
⎥⎥⎦ (14)
The money demand equation is captured through y−βR and −βR. The foreign and domestic trends are
captured in the assumptions in Lundvik (1991) and Mellander et al. (1992) by restricting the terms of trade
to be cointegrated with the c− y ratio but not with the i− y ratio. As earlier ϕ1 and ϕ2 capture the real
interest rate shock. The y, c and TOT are included in the error correction mechanism in the VECM system
(along with i− y as was the case previously). A foreign trend shock is explicitly added in (14), as it allows
one to analyse the sole effects of the foreign trend shock on y, c and i. Hence, the model now incorporates
four stochastic trends (three of which can be classed as domestic and one foreign). The foreign trend
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restrictions assumes that an innovation in TOT leads to an unit increase in y and c. Hence, consumption
can now grow independently from domestic constraints. The model is summarised as (c− y)−ϕ1(R−4p),
(i− y)−ϕ2(R−4p), (c− y)−TOT and m− p− y−βRR. A model which assumes rank 4. As previously,
each stochastic trend is mutually orthogonal to one another.
Balanced growth innovations now account for just over half at the one-to-four quarter horizon period. At
20 quarters, more than three-quarters of the fluctuations in output is attributable to balanced growth shocks.
The role of permanent interest rate shocks has also declined, now accounting for just under a quarter of the
forecast-error variance of output. Permanent real rate shocks still seem to be the key driver of investment
movements as in Table 8. Inflation shocks, as in Table 6, appear to contribute little to movements in y, c
and i.
Table 6 – Forecast-Error Variance Decomposition: 
Model (y, c, i, m – p, R, Δp, TOT) 
A. Fraction of the forecast-error variance attributed to the real permanent (balanced 
growth) shock 
Horizon y c i m - p R Δp TOT 
1 12.1 23.6 5.30 56.2 3.67 6.28 27.2 
4 35.1 21.8 24.9 56.7 14.5 11.6 25.3 
8 44.5 36.5 29.9 64.5 24.0 17.2 23.9 
12 45.7 37.3 27.1 61.3 30.0 24.5 22.8 
16 44.6 37.0 24.7 56.1 32.4 22.3 21.3 
20 43.3 36.5 23.3 52.3 33.6 22.3 19.7 
         
B. Fraction of the forecast-error variance attributed to inflation shock 
Horizon y c i m - p R Δp TOT 
1 2.70 1.90 5.12 4.66 0.49 8.14 25.0 
4 1.77 9.75 1.36 8.83 2.83 21.8 37.0 
8 1.11 10.0 1.48 17.9 5.63 23.5 39.1 
12 2.33 10.5 4.07 20.6 3.83 29.2 34.9 
16 2.83 10.9 5.93 20.5 2.66 33.7 32.1 
20 2.83 10.6 6.62 19.1 2.07 37.9 30.4 
  
C. Fraction of the forecast-error variance attributed to real-interest-rate shock 
Horizon y c i m - p R Δp TOT 
1 23.2 6.79 55.5 2.46 70.1 30.8 9.96 
4 14.6 6.19 33.3 13.5 72.9 18.6 10.4 
8 4.88 2.17 13.1 19.2 65.3 15.3 10.9 
12 3.11 1.20 7.56 28.6 55.4 14.0 12.7 
16 3.12 1.15 6.62 35.9 48.0 12.9 13.5 
20 3.38 1.25 6.82 41.5 43.5 12.1 14.2 
  
D. Fraction of the forecast-error variance attributed to Terms of Trade shock 
Horizon y c i m - p R Δp TOT 
1 3.30 12.8 0.37 22.3 0.03 31.0 21.0 
4 1.32 9.36 0.74 23.3 7.68 28.9 22.6 
8 1.26 10.4 3.29 23.9 4.92 43.3 19.6 
12 1.56 11.0 5.62 22.6 2.83 46.2 16.8 
16 1.52 11.0 6.66 19.7 2.22 49.0 14.6 
20 1.30 10.4 6.60 16.8 2.01 51.6 13.5 
 
In summary, the results in an open economy framework do not differ vastly from the results presented in
the six-variable closed economy model. Such results allow one to as assume like Neusser (1991), that in a
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neoclassical framework closed economy results are approximately valid for open economies too.
7 Conclusion
This paper analyses the stochastic trend properties of postwar Euro area macroeconomic data to evaluate
the empirical relevance of standard RBC models with permanent productivity shocks. Several aspects are
consistent with the central proposition of RBC models, namely, output, consumption and investment appear
to share a common stochastic trend. The cointegration results are consistent with the balanced growth
assumptions. Even extending the model to an open economy framework has little bearing on the overall
findings. In addition there is reasonable support that money, prices, output and interest rates lead to an
I(0) long-run money demand cointegrating relationship.
In the three variable real model, innovations in the balanced-growth component account for more than 70
percent of the unpredictable variation in output over the forecast horizon. Even with regards to consumption
and investment, balanced growth shocks are a determining factor. The explanatory power of the balanced-
growth innovation for output is reduced with the introduction of nominal variables. Still, over half of the
unpredictable variation in output is explained by balanced growth innovations. Yet, there is some evidence
at odds with traditional neoclassical thinking. The growth innovation accounts for less than one-third of the
movements in investment and consumption in the first two years - considered as the typical short-run business
cycle horizon - subsequently rising to three-quarters for consumption and just over a half for investment.
Furthermore, there remain questions over the stationarity of the great ratios.
Nonetheless, the results do show growth innovations to be reasonably successful in explaining the early
eighties slowdown, the late eighties growth and the early nineties downturn in output, consumption and
investment. Within this context, the great ratios can also be used to construct reasonable measures of trend
output.
Finally, what are the omitted sources of the business cycle? As in King et al. (1991), from a monetarist
perspective, a small role is played by the inflation shock. Accelerations and decelerations in money growth
and inflation, which are assumed to have no long-run effect on real flow variables and real interest rates,
explain a trivial fraction of the variability in output, consumption and investment. The results point towards
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an additional highly persistent (or permanent) component associated with real interest rates, which appear to
have a large bearing (over three-fifths) on investment. Also, the results from the real interest rate innovations
show that the central banks have played a key role in contributing to investment fluctuations, and less so
for output. In sum, the paper tentatively concludes that Euro area data are reasonably consistent with the
view that a single real permanent shock forms the dominant source of business cycle fluctuations.
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